PURPOSE. To explore the microRNA (miRNA) profile and its putative role in glaucomatous optic neuropathy by using next-generation sequencing.
M icroRNAs (miRNAs) are small, endogenous, noncoding RNA molecules consisting of 19 to 22 nucleotides (nt). 1 They are regulators of mRNA transcription and translation, which are stable and often specifically enriched in a particular tissue or during essential cellular processes. 2 More and more extracellular miRNAs from biofluids have been identified as biomarkers for cancer, cardiovascular disease, diabetes, ocular disease, and many other disorders. [3] [4] [5] [6] [7] [8] [9] [10] [11] Tears, aqueous humor (AH), and vitreous humor are three sources of fluids that contain extracellular miRNAs in the eyes. [12] [13] [14] [15] Among them, the AH is the most frequently collected ocular fluid sample for examinations of ocular diseases. 16 The change of contents in the AH, including proteins, cells, and other substances such as miRNAs, which not only reflect the abnormality of anterior ocular segments but also indicate damage to the retina and choroid, serve as a good sample for finding biomarkers for eye diseases.
Glaucoma is one of the leading causes of blindness worldwide. 17 The common features of all forms of glaucoma are the loss of retinal ganglion cells, thinning of the retinal nerve fiber layer (RNFL), and cupping of the optic disc. 18 With early detection and proper treatment, it is possible to slow the progression of this damage. However, despite controlling intraocular pressure (IOP), some patients' glaucoma continues to progress. 19 There must be underlying mechanisms for this continued progression. Only a few studies about the miRNA in the AH of glaucoma eyes by using miRNA arrays have been reported. 12, 20 However, miRNA arrays can detect only part of mature miRNAs in the miRBase database, whereas nextgeneration sequencing can detect all mature miRNAs and even novel miRNAs that have never been found.
In this study, we used next-generation sequencing to analyze individual AH samples from primary open-angle glaucoma (POAG) patients with varying degrees of visual field damage and from cataract controls to identify specific miRNA expression characteristics in POAG eyes and certain biomarkers for the pathogenesis and progression of POAG.
SUBJECTS AND METHODS

Subjects
This research was conducted in accordance with the Declaration of Helsinki and with the approval of the Zhongshan Ophthalmic Center Institutional Review Board. The written informed consent was obtained from patients undergoing glaucoma and cataract surgery at Zhongshan Ophthalmic Center, Guangzhou, China.
The diagnosis criteria of POAG was the same as in our previous study. 21 All POAG patients underwent serial ophthalmic examinations by an experienced glaucoma specialist. The visual field was detected by the Humphrey computerized automated perimeter (Carl Zeiss Meditec, Jena, Germany). On the basis of the visual field data, the POAG patients enrolled in this study were divided into two groups according to Mills et al. 22 Staging System: (1) POAG patients with moderate visual field defect (M-POAG) and (2) POAG patients with severe visual field defect (S-POAG). In addition, the RNFL thickness of POAG eyes was detected by the Heidelberg Spectralis (Heidelberg Engineering, Heidelberg, Germany).
All the enrolled POAG patients underwent trabeculectomy. The drugs used before the operation were recorded. The control group was selected according to the following criteria: (1) underwent routine cataract surgeries (phacoemulsification plus intraocular lens implantation), and (2) their IOP was within the normal range, and they were free of other ocular or systemic diseases. After cataract surgery, the fundus of every enrolled patient was checked to exclude the glaucomatous neuropathy.
AH Samples
Fifty to 100 lL AH were collected at the outset of surgery from 19 POAG eyes and 17 cataract control eyes in accordance with the procedure described in our previous study. 23 To avoid the influence of surgical traumatic damage to the blood-aqueous barrier, all samples were obtained prior to any conjunctival or intraocular manipulation. All samples were immediately stored at À808C for further analysis.
RNA Extraction
AH samples were centrifuged successively (3,000g for 10 minutes at 48C and 12,000g for 10 minutes at 48C) to remove cells and cell debris. Synthetic Caenorhabditis elegans miR-39 spike-in control was added to the supernatant, and RNA was extracted using the TRIzol reagent (TRIzol LS Reagent; Life Technologies Corp., Carlsbad, CA, USA) according to the manufacturer's instructions.
Library Preparation and Sequencing
All extracted RNA from each individual eye was used to generate sequencing libraries with the NEBNext Multiplex Small RNA Library Prep Set for Illumina (New England BioLabs, Inc., Ipswich, MA, USA). RNA segments of different sizes were separated by polyacrylamide gel electrophoresis. An 18 to 30 nt stripe was recycled and ligated with specific adapters to the 3 0 and 5 0 end. Adapter-ligated libraries were reverse transcribed and amplified by PCR, with primers containing index sequences specific for each sample. The purified PCR construct was recovered by polyacrylamide gel electrophoresis. Recycled products were dissolved in an ethidium bromide solution and labeled. An Agilent 2100 Bioanalyzer (Agilent Technologies, Inc., Santa Clara, CA, USA) and an ABI StepOnePlus Real-Time PCR System (Life Technologies Corp., Carlsbad, CA, USA) were used to test quality and production of the prepared library. Individual libraries were pooled and sequenced on an Illumina sequencing platform (HiSeq 4000 platform; Illumina, Inc., San Diego, CA, USA).
Sequencing Data Analysis
After obtaining raw data, we conducted bioinformatics analysis according to previous studies. [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] The 49 nt sequence tags from next-generation sequencing went through the data cleaning analysis, which included getting rid of the low-quality tags, or the 5 0 adaptor contaminants from the 50 nt tags to obtain clean, credible tags. After filtering, the remaining clean tags were stored in the FASTQ format. Samples with adequate data output (clean tag count, >20,000,000) were used for further data analysis. Then, the length distribution of the clean tags and common and specific sequences between samples were summarized. Next, anchor alignment-based small RNA annotation was used to map clean reads to the reference genome and mirBase. The characteristic hairpin structure of the miRNA precursor can be used to predict novel miRNAs. We used miRDeep2 to predict novel miRNAs by exploring the secondary structure, the Dicer cleavage site, and the minimum free energy of the unannotated sRNA tags, which could be mapped to the genome.
The miRNA expression level is calculated by using the Transcripts Per Kilobase Million method. Only miRNAs annotated as mature in mirBase data (mirbase version 21.0) were included. The NOISeq method was used to screen differently expressed miRNAs between two groups. There is a probability value to assess how M A and D A both diverge from the noise distribution model. Finally, we screen differently expressed small RNA according to the following default criteria: fold change ‡4 and diverge probability ‡0.8. After getting the miRNA result, the target prediction for miRNAs and the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway for target genes were analyzed. We used the tools RNAhybrid, miRanda, and TargetScan to find the possible miRNA targets and took intersection targets for further analysis. In order to predict the functions of these miRNAs in the regulation of disease pathogenesis, KEGG was used to perform pathway enrichment analysis. A P value of less than 0.01 and a false discovery rate of less than 0.01 were used as the threshold to select significant KEGG pathways.
Quantitative PCR (qPCR)
AH samples of 18 independent patients (including 10 AH samples from POAG eyes and 8 AH samples from cataract controls), obtained as above, were cleared of potential debris by centrifugation (3000g for 10 minutes at 48C and 12,000g for 10 minutes at 48C). A C. elegans miR-39 spike-in control was added to the supernatant, and small RNAs were extracted using an extraction kit (miRNeasy Plasma Kit; Qiagen, Hilden, Germany) in accordance with the manufacturer's instructions. Retrotranscription primers (stem loop) and qPCR primers (forward and reverse) for each miRNA were designed by RiboBio (Guangzhou, China). 35 Subsequently, a commercial kit (miDETECT A Track miRNA qRT-PCR Starter Kit, RiboBio, Guangzhou, China) was used for reverse transcription and qPCR detection of selected miRNAs in accordance with the manufacturer's instructions.
Windows, version 20.0; IBM Corp., Armonk, NY, USA). Demographic data as well as clinical measurements were tabulated. The significance of differences among groups was determined using the v 2 test for categorical variables and ANOVA for normally distributed variables. P < 0.05 was considered statistically significant.
The necessary sample size was also calculated. With adequate data output (clean tag count, >20,000,000), we assumed the same depth of coverage l of the miRNA as 20,000, and within group coefficient of variation (r) of 0.60 (for human samples, it will often be 0.4-1.0), 36 with the usual false positive rate of 0.05 (two-sided a) and a power (1Àb) of 80%, in order to target a four-fold change (D). We determined that three samples per group were needed using the following formula 36 :
The tests were conducted using the statistical package R, version 3.1.2. The specific R package is also available via Bioconductor (available in the public domain, http://bioconductor.org/pack ages/release/bioc/html/RNASeqPower.html).
RESULTS
Basic Clinical Characteristics of the Subjects
In total, RNA samples from nine POAG eyes and nine cataract controls were sequenced. However, three POAG eyes and three cataract controls were excluded for data analysis due to low data output (clean tag count, <20,000,000). The baseline characteristics of the remaining six POAG eyes and six cataract controls are summarized in Table 1 . The age of the subjects in the cataract controls (n ¼ 6), POAG (n ¼ 6), S-POAG (n ¼ 3), and M-POAG (n ¼ 3) groups were 66.7 6 7.6, 66.5 6 7.3, 66.0 6 8.2, and 67.3 6 8.7 years, respectively, and there were no significant differences between the groups (P > 0.05). The mean IOPs of the four groups were 13.3 6 3.9, 20.0 6 6.0, 19.3 6 7.5, and 20.7 6 5.5 mm Hg, respectively. The IOP of the POAG patients was higher than that of the cataract eyes (P ¼ 0.045). POAG patients were using a mean of 2.5 topical pressure-lowering agents. The patients of the M-POAG and S-POAG groups had visual field defects of À8.9 6 2.9 dB mean deviation (MD) and À30.6 6 1.3 dB (MD), respectively (P < 0.001). The average RNFL thickness of the M-POAG groups was 55.0 6 13.7 lm and that of the S-POAG groups was 38.7 6 7.8 lm (P ¼ 0.211).
Characteristics of Next-Generation Sequencing and miRNA Expression
The mean RNA yield of the entire AH sample was 0.38 6 0.15 ng. To determine the miRNA expression profile in POAG, nextgeneration sequencing was performed on independently pooled RNA samples with index sequences specific for each sample from the POAG and cataract groups. After sequencing, samples with adequate data output (clean tag count, >20,000,000), including six AH samples of POAG and six samples of cataract, were used for data analysis. On average, 21,867,979 (61,963,465) clean reads were obtained per sample among the remaining six POAG and six cataract samples. When restricted to sequences of 20 nts and longer, 2,798,234 (61,981,378) of the reads were mapped to miRBASE entries. A total of 164 mature miRNAs were detected in all six AH samples from POAG patients and 96 miRNAs in all six cataract samples. Of these, 84 miRNAs were detected in both groups. The top 20 miRNAs with high expression in all samples are listed in Figure 1 , and miR-184 was the most abundantly expressed miRNA in our study. Moreover, in total, 426 novel miRNAs were predicted in the AH of all samples (Supplementary Sheet S1). The expression mode of these predicted miRNAs was also analyzed (Supplementary Sheet S2, S3).
To evaluate the significance of differently expressed miRNAs, we calculated the probability of being differently expressed using NOISeq scores, M-value, and D-value. Based on these calculations, 88 miRNAs showed significantly different expression with a fold change of ‡4 and a diverge probability of ‡0.8 when comparing the POAG group with the cataract group ( Table 2) . Of these, 73 miRNAs were upregulated (those with a positive M-value) and 15 were downregulated (those with a negative M-value), as shown in the volcano plot (Fig. 2) .
When comparing the S-POAG with the M-POAG group, 16 miRNAs were significantly upregulated, with a fold change of ‡4 and a diverge probability of ‡0.8, as summarized in the volcano plot (Table 3 ; Fig. 3 ). After intersection analysis, 12 of 16 differently expressed miRNAs between the S-POAG and M-POAG groups were also differently expressed between the POAG and cataract groups, as shown in the Venn diagram (Fig.  4) . 
Target Genes and Functional Analysis
To explore the various targets and their associated pathways, a putative target list was obtained. We performed pathway enrichment analysis of the differently expressed sequences' target genes based on the KEGG database 33 and generated a report for the differently expressed sequences' target genes in each pairwise (POAG vs. cataract, S-POAG vs. M-POAG). The top three KEGG pathways of these two comparisons are shown in Tables 4 and 5 , respectively. In addition, we generated a scatter plot for the top 20 of KEGG enrichment results (S-POAG vs. M-POAG), as shown in Figure 5 .
miRNA Target Gene Regulation Network
To better understand the role of miRNAs in varying degrees of glaucomatous optic neuropathy, we constructed a miRNA target gene regulation network. The top three KEGG pathways (thiamine metabolism, purine metabolism, and transcriptional misregulation in cancer) of comparison between S-POAG and M-POAG are shown in Figure 6 . The blue nodes are putative target genes. MiR-16-5p, miR-205-5p, miR-206, miR-200a-3p, and miR-200b-3p are differently expressed miRNAs that can regulate these three pathways.
Verification of Next-Generation Sequencing Data by Real-Time PCR
To reassess possible differences in miRNA abundance suggested by next-generation sequencing, three miRNAs were analyzed by qPCR in 18 independent AH samples. According to our sequencing results, we chose to study miR-184 as the most abundant in sequencing, miR-486-5p as of intermediate abundance, and miR-93-5p as of low abundance. The expression of hsa-miR-184, hsa-miR-486-5p, and hsa-miR-93-5p detected using qPCR was accordant with the sequencing results (Fig. 7) . 
DISCUSSION
In the present study, we identified miRNAs profiles in AH from POAG and cataract patients by using next-generation sequencing. Eighty-eight miRNAs showed significantly different expressions when comparing the POAG group with the cataract group; this differential expression may regulate glycosaminoglycan biosynthesis and the longevity regulating pathway. When comparing the S-POAG with the M-POAG group, 16 miRNAs were significantly differently expressed, and predicted pathways of thiamine metabolism, purine metabolism, and transcriptional misregulation may play roles in the pathogenesis and progression of POAG. Moreover, 426 novel miRNAs were predicted to exist in POAG and cataract AH, but these novel miRNAs must be further studied. miRNAs in AH can not only be influenced by damaging of the anterior ocular segment but also by damaging of the posterior segment. For instance, the concentration of inflammation factors was found to be especially higher in the AH, such as in diabetes retinopathy and age-related macular degeneration eyes, suggesting that retinal damage could be reflected in the AH. [37] [38] [39] Cell fragments from retina-like photoreceptor outer segments can also be found in AH, which suggests that miRNAs in the AH may also come from the posterior segment of the eye. 40 In our study, miR-184 was the most abundantly expressed miRNA among all 12 AH samples of POAG and cataract patients (Fig. 1) . In accordance with our study, several prior studies regarding aqueous miRNAs of glaucoma or cataract patients have detected miR-184 with high expression. 12, 14, 20, 41, 42 However, the differently expressed miRNAs found in the AH between glaucoma and cataract patients in three studies, including ours and two other previous studies using miRNA arrays, had no overlap with each other. 12, 20 This may have resulted from the inherent inconformity of miRNA expression Eighty-eight miRNAs were identified as differentially expressed, with a fold change greater than 4 and a probability score greater than 0.8 between POAG and cataract eyes. Red dots represent significant upregulated miRNAs in POAG eyes, and green dots are significant downregulated miRNAs.
FIGURE 3. Volcano plot showing differentially expressed miRNAs. Sixteen miRNAs were differentially expressed, with a fold change greater than 4 and a probability score greater than 0.8 between POAG eyes with severe visual field damage (PD < À30dB) and with modest visual field damage (À6Db < PD < À12dB). Red dots represent significant upregulated miRNAs in POAG eyes.
microRNA Profiling in Varying Glaucomatous
detection among different platforms, including miRNA microarray systems, next-generation sequencing, and qPCR, which were systematically analyzed by Anna Git and colleagues. 43 The different subtypes of glaucoma patients (including POAG and primary angle closure glaucoma) enrolled in prior studies may also lead to this discordance. Therefore, it is essential to conduct follow-up studies of these differently expressed miRNAs.
POAG is a currently irreversible optical neurodegenerative disease. Using IOP lowering, the progression of the disease can be halted in some patients. However, some patients suffer continuous visual field damage even with radical IOP lowering. 44, 45 There must be underlying mechanisms for this disparity. The expression profile of miRNAs in AH from POAG eyes with varying degrees of visual field defects may offer certain clues. Several miRNAs were found to be differently expressed in the POAG, cataract, S-POAG, and M-POAG groups (Tables 2, 3 ). Eighty-eight miRNAs showed significantly different expressions when comparing the POAG group with the cataract group ( Table 2) . Sixteen miRNAs were significantly upregulated in S-POAG patients compared with M-POAG patients. After intersection analysis, 12 of the 16 differently expressed miRNAs between the S-POAG and M-POAG groups were also differently expressed between the POAG and cataract groups, and these miRNAs are most likely implicated in the optic neuropathy of POAG.
Some of the differently expressed miRNAs we found have already been reported in other studies as indicative of retinal damage. For instance, the differently expressed miRNAs in our study, miR-200a-3p and miR-200b-3p (S-POAG vs. M-POAG, POAG vs. cataract), were found to be critical regulators of POAG induced by the mutation of the OPTN (E50K) gene, which participates in neurodegeneration by induction of apoptosis of retinal ganglion cells in transgenic mice models and progressive retinal degeneration exclusively in the peripheral region of the retinas. 46 Drewry et al. 47 also found that miR-200a-3p, miR-200b-3p, miR-200c-3p, miR-141-3p, and miR-429 were differently expressed in normal human ciliary body, cornea, and trabecular meshwork through next-generation sequencing. These five miRNAs were all validated to target microRNA Profiling in Varying Glaucomatous Damages IOVS j June 2018 j Vol. 59 j No. 7 j 2961 the ZFPM2 gene, also known as FOG2, which was glaucoma related. 48 ZFPM2 was observed to be upregulated after injury to the optic nerve 49 and may have a role in ocular development. 50 The differently expressed miRNA in our study, miR-16 (S-POAG vs. M-POAG, POAG vs. cataract), was significantly dysregulated in the glaucomatous retina of rat eyes with advanced nerve damage induced by elevated IOP. 51 Moreover, hsa-miR-183-5p and hsa-miR-96-5p were significantly differently expressed between POAG and cataract eyes in our study. Stephen et al. 52 found that the knockout of miR-183/96/ 182 cluster in mice results in early-onset and progressive synaptic defects of the photoreceptors, leading to abnormalities of scotopic and photopic electroretinograms, with decreased b-wave amplitude as the primary defect and progressive retinal degeneration. In addition, inactivation of the miR-183/96/182 cluster resulted in global changes in retinal gene expression, and these changes play an important role in postnatal functional differentiation and synaptic connectivity of photoreceptors. All these studies concerning specific miRNA functions in vivo support our results of differential miRNA profiles in POAG eyes. However, some of the differently expressed miRNAs between the POAG and cataract groups may be related to cataract development rather than POAG. For example, hsa-miR-125b-5p, which was differently expressed when comparing the POAG group with the cataract group in our study, was reported to inhibit lens epithelial cell apoptosis by targeting gene p53 in age-related cataracts. 53 Genes usually interact with each other to play roles in certain biologic functions. We performed pathway enrichment analysis for target genes of altered miRNA expression based on the KEGG database. 25 The observed increased expression of miR-16-5p, miR-205-5p, miR-206, miR-200a-3p, and miR-200b-3p in S-POAG compared with M-POAG is predicted to regulate thiamine metabolism, purine metabolism, and transcriptional misregulation in cancer. Thiamine (or vitamin B1) deficiency is relevant to various neuropathies. Neurologic features of thiamine deficiency include central manifestations, such as Wernicke-Korsakoff encephalopathy and optic neuropathy, 54 and peripheral manifestations such as axonal peripheral neuropathy. 55, 56 Therefore, the dysregulation of these miRNAs related to thiamine metabolism may play an important role in glaucomatous optic neuropathy. Purine metabolism has also been implicated in various neuropathies and neuronal differentiation. 57 For instance, inborn errors of purine metabolism can cause a series of pediatric neurologic syndromes. 58 The levels of purine, including adenosine, inosine, uric acid, and xanthine, may be useful for monitoring the progression of diabetic retinopathy and evaluating the treatment. 59 Our previous study found that the balance of purines might determine the life or death of retinal ganglion cells, as A3 adenosine receptors prevent loss following P2X7 receptor stimulation. 60 Therefore, regulating these miRNAs related to purine metabolism may find new therapy strategies in glaucomatous optic neuropathy. The relative expression levels of miRNAs were assayed by qPCR and normalized to levels of a C. elegans miR-39 spike-in control. Then, the expression fold changes of hsa-miR-184 and hsa-miR-486-5p were normalized to that of hsa-miR-93-5p. The expression mode of these miRNAs detected using qPCR was accordant with the sequencing results.
microRNA
However, the predicted KEGG pathway of dysregulated miRNAs when comparing the POAG group with the cataract group may be more relevant to cataract pathogeneses. The top three predicted pathways were glycosaminoglycan biosynthesis of chondroitin sulfate and dermatan sulfate, glycosaminoglycan biosynthesis of heparan sulfate and heparin, and longevity regulating pathway. The pathway of glycosaminoglycan biosynthesis has long been reported to be implicated in cataract pathogeneses. 61, 62 When comparing cataract with POAG patients, the interest of cataract on aqueous miRNA expression cannot be ignored, so part of the dysregulated miRNAs found in previous studies may be related to cataract rather than POAG.
To get more comprehensive information, we compared our results with other studies with a similar background. Previous studies of Jayaram et al. 51 and our group 63 on miRNA expression in the rat retina during acute ocular hypertension, using miRNA microarrays or panels, both found that the dysregulated miRNAs in retina are involved in pathways of inflammation and regulation of apoptosis. These findings indicated that acute glaucoma might induce neuropathy mainly by inflammatory responses, a different mechanism compared with POAG. In addition, Romano et al. 64 predicted miRNAs that target the reported genes from previous gene-association studies in glaucoma, age-related macular degeneration, and Alzheimer's disease, and found nine miRNAs common to the three neurodegenerative diseases. They predicted that those nine miRNAs might regulate pathways involved in inflammation. However, we can see in their study that the functions of the reported genes themselves are not definite in these three diseases, then the miRNAs are predicted based on these related genes, rather than being found directly in the diseases, and related pathways were finally predicted according to the predicted miRNAs. Therefore, we think that the results in their study may provide a hint, but should be treated with caution and further studies are urgently needed.
Ghanbari et al. 65 used data from the recent genome-wide association studies to investigate the association of miRNAs with POAG endophenotypes. They found variants in the miR-612 precursor and in the miR-4707 seed region that are significantly associated with vertical cup-to-disc ratio and cup area. The first variant was demonstrated to increase the miR-612 expression, and the second variant reduced the binding of miR-4707-3p to CARD10, a glaucoma-related gene. These two miRNAs were not found differently expressed in our study, and we speculate the differential expression of miRNAs found in our study might not result from miRNA-related genetic variants.
A previous study 20 comparing miRNA profiles using PCR arrays in AH between POAG and cataract patients revealed that pathways in cancer, chemokine signaling, and Wnt signaling might be regulated by the differently expressed miRNAs. Pathways in cancer are also predicted to be regulated by the differently expressed miRNAs (S-POAG vs. M-POAG) in our study. Another study on the AH of glaucoma patients by using miRNA microarrays discovered several dysregulated miRNAs relating broad pathways, such as RNA posttranscriptional modification, developmental disorders, and hereditary disorders. 12 However, the subjects of the glaucoma group enrolled in that study contained not only POAG, but also pseudoexfoliation glaucoma and primary angle closure glaucoma. In addition, the control group had patients of both cataract and epiretinal membrane patients. There were no overlaps of dysregulated miRNAs and predicted pathways between their results and ours, as expected, which may be due to the large differences in inclusion.
These informatics analyses in our study and others provide us with specific research directions, but further in vitro and in vivo experiments should be done to prove these hypotheses. This study is limited by the relatively small sample size. In addition, the relatively low RNA yield of each AH sample led to insufficient data output of one-third of the samples (6 of 18 samples), which had to be ruled out for further analysis. The impact of topical medications to lower IOP on miRNA expression within AH has yet to be determined, and future studies can enroll patients with different use of topical glaucoma medications. Moreover, follow-up POAG patients with or without progression of visual field defects can be included to further study the underlying mechanism of different resistibility to IOP in the future.
To our knowledge, this is the first report on the comprehensive human aqueous miRNA expression profile of POAG patients with varying degrees of visual field damage by using next-generation sequencing. Several dysregulated miRNAs and predicted pathways of thiamine metabolism and purine metabolism may play roles in the development of glaucomatous optic neuropathy. Further insights in understanding their roles in glaucoma may help design new therapeutic strategies.
